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Introdactlon. 



In th0 proceedings of the American Inetltute of Min- 
ing Sngineere for February 1904, Ur. Outerbrldge of Phil- 
adalphia, Pennsylvania, has an article which he has called 
"The Uobility of Uolecules of Cast Iron". In this article 
he gives a brief account of some experiments with cast 
iron test bars, whicb he heated in a case hardening fur- 
nace several times, allowing the bars to cool in tiie fur- 
nace after eacdi heat* These bars after cooling were lar- 
ger than the original ones. He reheated them about fifty 
times and they had not yet left off e:qpanding. ICr. Outer- 
bridge mentions , in his article, several instances where 
castings were made too small but were successfully brought 
to size by two or three heatings in a case hardening fur- 
nace . 

The amoiint of permanent expansion of cast iron was 
found by Mr. Outerbrldge, to depend very much T:g;>on the 
chemical condition or grade of cast iron, also upon the de- 
gree of temperature to which the bars are heated. 

In this thesis, the chemical condition of the iron emd 
the maximum teorperature were kept very nearly constant so 
that the effect of each heating upon this permanent ex- 
pansion could be determined. 
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Ipparatus and Speoimene. 

The test Bpecimene were cast iron bars cast on end 
from the same heat. They were gray foundry iron of hl£^ 
grade « cast from 60 per cent scrap and 40 per cent pig 
iron. A chemical analysis shows the following: 
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The bars were cast a little over 19 inches long and 
1-1/4 inches in diameter. They were turned in an engine 
lathe to 19 inches long and 1-1/8 inches in diameter. 

In order to hare a convenient method for measuring 
the length of the bars* a twenty- inch micrometer was de- 
signed as ^own in plate Z. Two sliding heads were made 
to fit the bar (A). These may be adjusted for any desired 
length of bar* and olanqped in position by means of the 
two thumb screws beneath the head. Two movable rests were 
made for holding the micrometer in the position shown. 

The bars were heated in the Brown and Sharp case 
hardening furnace in the University foundry. This furnace 
has a single oven as shown in plate II. 

The fire is started on the grate (6) and the flames 
are carried over the bridge wall* through the oven (C) and 
into the suction flue (B) . The furnace is built of fire 
brick with iron doors* and is designed for the burning of 
coal or coke. The heating of the oven is uneven* being 
hotter at the back of the oven and farthest from the brick 
wall. 

A pyrometer consis ting of a thermo-coi^le and mllll- 
voltmeter was used for determining the tenqperature . The 
thermo-couple used in the first series of heats was insuf- 
ficient to withstand the temperature. During tiie second 
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Bristol mllllvoltmeter was used. The calibration curves 

for these pyrometers are shown on the folloving plates. 

The nickle-niclcle chromiuia couple vas calibrated with a 
Eeiser & Schmidt standard pyrometer. 
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Method Used in Heating the Flret Series of Bars. 

In the first series of heats, the bars were cut to a 
length of 19 Inches and were placed In the oven In three 
layers. The bottom layer of nine bars was placed with the 
bars running lengthwise with the oren and parallel to the 
bridge-wall. The bars of the middle layer were placed a- 
cross these, while those of the top layer were placed par- 
allel to those of the bottom layer. The nlckle-nickle 
chromium couple was Inserted throu£^ a hole In the top of 
the top of the OTen> with copper wires leading to the Wes- 
ton multlvoltmeter on a ledge near the furnace. The fire 
was started with the suction turned on and after the bars 
were placed In the oven, the tenqperature was allowed to 
reach 1500 degrees by the pyrometer, when the suction was 
shut off, the furnace closed and the bars allowed to cool 
for twenty-four hours In the furnace. Nine heats were made 
In a similar manner, taking out three bars after eadx heat, 
until the three bars taken out last had been subjected to 
nine heats. 

Three bars were carefully measured with the micrometer 
to find the amount of expansion. They were then broken in 
01sen*s cross bending machine and the flex\iral strength ob- 
tained from the formula: 
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S f s u c 

there U = the bending moment 

C = the radius of the t>ar 
I - the moment of inertia 
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Method Used In Heating the Second Serlee of Bare* 

A second aerlea of nine heats were made with nine bars, 
one har being left out each time for title strength test. To 
eliminate the error due to the difference in chemical con- 
dition of the different bars found in the first series of 
heats« all of the bars were measured after each heat. All 
of the bars were placed in a wrou^t iron pipe. This 
bunched the bars together so that a more even distribution 
of the heat was secured and also kept the bars from becom- 
ing warped. 

The fire was started in the furnace two or three hours 
before the bars were put into the oven and after the tem- 
perature had reached 1800 degrees F. by the pyrometer, the 
heat was held for about 45 minutes to allow the heat to be^ 
come evenly distributed over the bars. The pyrometer, in- 
stead of being inserted in the top of the oven, was pushed 
through a hole in the door and into the pipe with the bars* 
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Conclttsions . 



Dae to an unayen dlatrlbutlon of haat in the ovan« 
soma of tha eats of bare of tha first aariaa wara not. haat- 
ad up to tha taoiparatura indioatad by tlia pyromatar. 

Thara ia a taoqparatura a littla balow 1400 dagxaaa 
at uhlbh Yary llttla> if any, parmanant axpanaion takaa 
place. Tbia fact waa nada aYidant by aona taata aada by 
Ur. Outarbridga. ▲ aariaa of haata wara aada by him on 
aoma oast iron bara at a tanparatura a littla balow 1400 
dagraaa* whldi raaultad in practically no azpansion. 

In tba firat aariaa of haata, tha bara takan out laat 
wara naaraat tha bridge wall and ware not aa hot aa thoae 
taken out firat. Another raaaon for the irregularity of 
the reaulta in the firat sariea ia due to tha fact that 
only the three bars takan out aadi tine were meaaured for 
the increase in length, and the bare ware not caat in ex- 
actly the aana way. 

In the aecond aariea, the bara ware bunched together 
in the wrought iron pipe and care waa taken to hare the 
teoqperature evenly diatributed over all of the bara. 

The reaulta of the aecond aeriea of reheata ahow a 
conatant increaae in length of about .004 inch for each 
heat. 
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Th« flezuTEl •trengtli do crease b more elovly after the 
first two heats. 
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Sag£«stlons for Futur* Investigations. 



1 more complete invest Igatl on of this subject would 
involve series of reheats at different teoqperatures and 
with different sises of test bars also, with a variation 
of the different chemical elements in the iron. The var- 
iation of the teaqperature , however, I think is the more im- 
portant . 

The most iaiportant precautions to take in running 
these heats is to have the bars of the same temperature. 
If the Brown and Shaxp case hardening furnace is used, 
probably the best way to evenly distribute the heat over 
all of the bars would be to place the bars in a pipe about 
an indh, or two longer than the bars, heat the oven up to 
the required teniperature about an hour before the bars are 
placed in tiie oven, then place the pipe bars and all in the 
oven. It would be well if the ends of the pipe were closed, 
leaving romn for the expansion of the bars, since a wrought 
Iron pipe would not e:qpand with the cast iron. If some 
means could be f oimd to keep the ends of the bars from 
scaling or corroding, more accurate determinations of the 
Increase in length would result. It is difficult to de- 
termine just how much scale to scrape off of the ends of 
the bars after they have been heated. 
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Tli« tool marks can b« eeen after the bars have been 
heated> and these show the original surface which should 
be left on the bars. I think that Ysry little filing is 
necessary to remore the outer scale. 

The Bristol pyrometer gave no trouble at the high 
temperatures of the second series of heats after the ends 
were well fused together. 
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Blbliogxaphy. 



A Yolumetrlo Study of Cast Iron 
Henry U. Lane 
jkm. 8oc. of Medi. Sng*8. Uid Kot. 1907 

The Mobility of the Molecules of cast Iron 
Mr. Ottterbrldge 
An. Inst, of Mln. Kng's. Feb 1904 

The Growth if Cast Iron by Heating 
Mr. Outerbridge 
An. Maoh. Dec. 13, 1907 March 19, 1908 
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3 



If 



Twenty-inch microoteter, used for meaeurlng the 
length of the test bars. 



Fonn of test bar 19 Inches long by 1^ Inches In 
diameter, turned to 1-1/8 Inches In the middle. 



PLATE I. 
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Arrangement of the "BXowa and Sharpecase liardenlng 
furnace • 

PLATE IT. 
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Increase In Length ( First Series) • 

Times Original Final Unit 

Bar Heated Length Length Increase Average Increase 

4 19.002 19.138 .186 

5 19.006 19.138 .125 

6 1 19.011 19.146 .155 .138 .00674 

7 19.005 19.169 .166 

8 19.009 19.165 .154 

9 2 19.011 19.171 .160 .160 .00855 

10 19.000 19.169 .169 

11 18.992 19.120 .128 

12 5 19.000 19.117 .117 .158 .00725 

11^ 19.015 19.116 .105 

14 19.009 19.118 .109 

15 4 19.000 19.111 .111 .108 .00668 

16 18.999 19.158 .159 

17 18.998 19.151 .155 

18 5 19.002 19.222 .120 .151 .0069 

19 19.000 19.187 .187 

20 18.998 19.191 .195 

21 6 19.001 19.214 .215 .198 .0141 
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Tinas Original Final Arerage Unit 

Bar Heated Length Length Increage Increasa Inoraasa 

22 19.004 19.156 .168 

2S 18.996 19.160 .164 

34 7 19.001 19.149 .148 .156 .00816 

35 18.999 19.138 .139 

36 18.973 19.089 .113 

37 8 19.005 19.133 .119 .130 .00653 

38 19.003 19.116 .114 

39 19.000 19.114 .114 

SO 9 19.003 19.119 .116 .115 .00605 
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Bar 



Times 
Heated 



Flezural Strength. 
Load Average 



Flezaral 
Stress 



1 

3 
3 



3000 
3890 
3990 



3960 



136000 



4 

6 
6 



3330 
3000 
3440 



3357 



95900 



7 
8 
9 



3340 
3300 
3380 



3307 



98100 



10 
11 
13 



3150 
3400 
3340 



3397 



97500 



13 
14 
15 



3530 
3310 
3150 



3393 



97500 



16 
17 
18 



3450 
3360 
3390 



3333 



99000 
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Times Flexural 
Bar Heated Load Average Stress 

19 3450 

20 3500 

31 6 3100 3383 97300 

33 3440 

33 3350 

34 7 3130 3370 96500 

35 3350 

36 3360 

37 8 3340 3350 99700 

38 2360 

39 3400 

30 9 3390 3383 101300 
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Times Flexural 
Bar Heated. Load Average Stress 

19 3450 

30 3500 

31 6 3100 3285 97300 

33 3440 
35 3360 

34 7 3130 3370 96500 

35 3550 

36 3560 

37 8 3540 3550 99700 

38 3560 

39 3400 

50 9 3590 3585 101300 
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Flazuxal Strength. 



Ho, Load Flexaral Streeg No. of Heate 

1 3100 138530 Not heated 

3 1660 101600 1 
S 1660 101600 3 

4 1700 104000 3 

5 1700 104000 4 

6 1540 94500 5 

7 1S60 85350 6 

8 1580 84500 7 

9 1560 85350 8 
10 1180 73300 9 
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iPPBOVED B7 
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